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Leaf senescence is an age-dependent process that occurs through a highly 
regulated mechanism leading to remobilisation of stored nutrients from senescing leaves 
to the developing organs. Association of this process with up-regulation of thousands of 
genes encoding diverse proteins involved in several signalling and biochemical 
pathways shows that leaf senescence is a complex genetically controlled phenomenon. 
This conclusion was further confirmed by functional analysis of several genes with 
specific effects on the regulation of leaf senescence. The present study concentrates on 
isolation and functional analysis of genes that regulate the leaf senescence in 
Arabidopsis. The combination of results obtained allows for making several important 
notions on the leaf longevity regulation process in Arabidopsis.  
Characterization of senescence mutants revealed considerable information 
regarding the mechanisms underlying the leaf senescence process. Our current 
understanding of well-characterized senescence mutants is discussed in the introductory 
chapter 1. In order to study new features of leaf senescence regulation, hormonal 
control of leaf senescence was used towards developing a novel screening strategy and 
identifying new senescence mutants (Chapter 2). In this respect, the senescence 
windows concept based on which interaction of ethylene signals and age-related 
changes (ARCs) could be predicted was mainly used in our work. The model states that 
each individual leaf goes through three developmentally controlled stages. In the first 
stage, ethylene cannot induce leaf senescence in young leaves which is referred to as the 
‘never senescence’ phase. The leaf is able to respond to ethylene with the induction of 
senescence in the second phase. In the final phase, leaf senescence is induced regardless 
of the presence of ethylene and is called the ‘always senescence’ phase (Chapter 1). 
Therefore, the responses of wild type plants to ethylene in diverse ages were 
investigated. Exogenous ethylene application accelerated the onset of leaf senescence 
only in the cotyledons of 25-day-old wild type plants, while 10 yellow leaves were 
detected in 42-day-old plants. No visible senescent leaf was observed in plants that were 
grown in air for 30 days. The results confirm that ethylene is a strong inducer of leaf 
senescence and that its effect depends on the age of individual leaves. Based on these 
findings, we determined the experimental conditions for the secondary screening of late 
senescence mutants that subsequently allowed for the identification of 16 stay green  
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mutants. The ethylene pathway is fully functional in ten of the isolated mutants, and 
therefore, they are anticipated to carry a mutation in genes that may alter the timing of 
age-dependent changes. Further characterization of the stay green mutants revealed that 
age-related changes in Arabidopsis are regulated by several independent loci (Chapter 
2). As a general perception, it was found that age-dependent leaf senescence is 
correlated with floral induction in Arabidopsis.  
The leaf senescence/death process is differently regulated among diverse 
Arabidopsis accessions as this was found both for onset of leaf death101 (old101) 
(Chapters 3 and 4) and old3-1 mutants (Chapter 5). Identification of the EMS-induced 
mutation in the old101 plants, through a map based cloning approach, met a dilemma. 
The senescence phenotype of old101 segregates as a monogenic trait in its own genome 
background Ler-0, while it does not demonstrate the same pattern when crossed to Col-
0 (Chapter 3). The likely natural variation between Col-0 and Ler-0 accessions may 
cause such alteration in segregation of the senescence phenotype of old101 (Chapter 
3). Moreover, the mapping results specified two genome regions for the old101 
mutation. By making use of the different near-isogenic lines, one of the locations was 
confidently determined as the position of old101 mutation. Further mapping narrowed 
down the map position of the old101 mutation to a 150-kb genome region, where 
further mapping was believed to be too labour intensive. Towards identification of the 
EMS-induced old101 mutation, a massively parallel sequencing strategy has been 
employed (Chapter 3). Thus, we successfully identified the old101 mutation through 
several steps and applied a new method to identify EMS-induced mutations in a fast and 
efficient way. In addition, the novel strategy resulted in the reliable discovery of many 
polymorphisms between the reference (Col-0) and the Ler-0 sequence (Chapter 3). 
This method overcomes the difficulties arising from genome interactions and 
contributes in map-based cloning of genes for which a reference sequence is available. 
Further characterization of the old101 mutant presented in chapter 4 defined a 
novel system for the regulation of leaf longevity and induction of leaf senescence 
through the phophoinosotide signalling pathway. The recessive Arabidopsis old101 
mutation induces a functional stay green phenotype after treatment with ethylene, but 
still possesses a functional ethylene-signalling pathway. Moreover, old101 plants 




slower seedling and plant growth development. Therefore, the phenotype of the old101 
mutant is consistent with a delay in the transition from the never senescence phase to 
the inducible senescence phase. Moreover, the switch to the always senescence phase is 
likely delayed in old101 plants as well (Chapter 1). Thus, the old101 mutation might 
be involved in integration of ARCs and ethylene-dependent signals. Since 
OLD101/FRY1 encodes an enzyme involved in the degradation of the second messenger 
inositol 1, 4, 5-trisphosphate (IP3), it was hypothesized that phosphoinosotide signalling 
may regulate ARCs and developmental leaf longevity through IP3 signalling. It was 
shown that OLD101 is involved in stress tolerance responses as old101 plants exhibited 
more resistance to ethylene stress. Furthermore, stomatal aperture was deregulated in 
old101 plants after ethylene exposure as well as in air-grown plants. The data implies 
that old101 is not a loss-of-function, but rather a leaky or gain of function mutation 
(Chapter 4). Together, OLD101 reveals a unique mechanism in regulation of 
developmental leaf senescence, growth development, stress tolerance, and stomatal 
aperture through IP3 signalling. 
Leaf senescence is a type of programmed leaf death (PLD), and in this respect, a 
negative regulator of the leaf death process, designated old3-1, is discussed in chapter 
5. The old3-1 mutation causes a single amino acid change in the cytosolic OAS-TL 
enzyme resulting in inability of old3-1 to catalyze in vitro cysteine biosynthesis. The 
loss-of-function mutant old3-1 induces a temperature dependent premature leaf death 
phenotype through interaction with a natural variant gene, ODD (for old3 
determination), in a genome dependent manner. The old3-1 leaf death phenotype 
coincides with a considerable increase in expression of an oxidative stress marker gene 
as well as other marker genes commonly associated with the activation of the plant 
defence system. It was hypothesised that the constitutive activation of the plant defence 
system in association with the old3-1 early leaf death phenotype might be stimulated 
through the interaction of old3-1 and the ODD gene. The presence of a retrotransposon, 
a putative NB-LRR resistance gene and the increased number of SNPs allows for the 
possibility that the ODD genomic region segregates as a haplotype allele. Additionally, 
the old3-1 mutation also causes changes independently from ODD action. We specified 
a function for the cytosolic OAS-TL in heavy metal stress and for maintaining sulphur 
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and thiols levels. Thus, OLD3 differentially regulates leaf lifespan in Arabidopsis, and 
causes genome dependent and independent phenotypes (Chapter 5).  
The mutational analysis approach utilized in this study revealed that the 
interaction between ethylene and ARCs could be used as a powerful tool in order to 
isolate both early and late senescence mutants. In this respect, characterization of 
old101 and old3-1 further confirmed the effectiveness of studying OLD genes to get 
new insights into the regulation of developmental leaf senescence.  
During the last decade, an increase in understanding of the mechanisms 
underlying the leaf senescence process was obtained through the employment of new 
biological approaches. In the coming years, cloning and analysing more regulatory 
genes, such as OLD genes, in combination with genome-wide tools will proceed in an 
even higher gear leading to a further unravelling of the complex regulatory network of 
leaf senescence.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
